Background: To evaluate survival outcomes and prognostic factors for overall survival (OS) in patients with metastatic renal cell carcinoma (mRCC) who received sunitinib (SU) and pazopanib (PZ) as first-line therapy in real-world Korean clinical practice. Methods: Data of 554 patients with mRCC who received SU or PZ at eight institutions between 2012 and 2016 were retrospectively reviewed. Based on the targeted therapy, the patients were divided into SU (n = 293) or PZ (n = 261) groups, and the clinicopathological variables and survival rates of the two groups were compared. A multivariable Cox proportional hazard model was used to determine the prognostic factors for OS. Results: The median follow-up was 16.4 months (interquartile range, 8.3-31.3). Patients in the PZ group were older, and no significant difference was observed in the performance status (PS) between the two groups. In the SU group, the dose reduction rate was higher and the incidence of grade 3 toxicity was more frequent. The objective response rates were comparable between the two groups (SU, 32.1% vs. PZ, 36.4%). OS did not differ significantly between the two groups (SU, 36.5 months vs. PZ, 40.2 months; log-rank, P = 0.955). Body mass index, Eastern Cooperative Oncology Group PS > 2, synchronous metastasis, poor Heng risk criteria, and liver and bone metastases were associated with a shorter OS. Conclusion: Our real-world data of Korean patients with mRCC suggested that SU and PZ had similar efficacies as first-line therapy for mRCC. However, PZ was better tolerated than SU in Korean patients.
INTRODUCTION
Renal cell carcinoma (RCC) represents nearly 90% of the primary neoplasms of the kidney and approximately 80% of RCCs are classified as the clear cell subtype. 1,2 Up to 30% of affected patients are initially diagnosed with metastatic disease. 3 Since the late 1990s, the early detection of RCC by the widespread use of imaging modalities and improvements in surgical and medical treatment have decreased the mortality rate of RCC. 4 In addition, compared with cytokines, the emergence of targeted therapies, including tyrosine kinase inhibitors (TKIs) and mammalian target of rapamycin, have prolonged the overall survival (OS) of patients with metastatic RCC (mRCC). 5 Current guidelines suggest the use of sunitinib (SU), pazopanib (PZ), or bevacizumab with interferon as a first-line treatment for favorable or intermediate-risk patients with predominantly clear cell histology. 6,7 SU and PZ have been widely used for a relatively long time as the first-line treatment for mRCC. In a large randomized controlled trial (RCT) comparing the two drugs, PZ was not inferior to SU, and fewer adverse events were reported. 8, 9 However, studies comparing the efficacy and safety of both the drugs in real-world clinical practice are not sufficient.
Since the introduction of the first TKI treatment in 2005, improvement in treatment outcomes has been reported in the late treatment group compared to the early treatment group. 10 The understanding of and experience with TKI drugs in the late treatment group has led to better clinical results. In addition, the clinical environment differs from the RCT environment; analysis of real-world data could complement structured studies, such as RCTs, and improve clinical outcomes and patient experience.
Based on these considerations, this multicenter retrospective study evaluated the survival outcomes and prognostic factors for OS in Korean patients with mRCC who received firstline TKI therapy.
METHODS

Study design and patients
We retrospectively retrieved the clinical and pathological data of 1,121 individuals with mRCC treated with first-line systemic TKI therapy from a prospectively managed multicenter database in Korea. Among them, data of 554 patients with mRCC treated with SU (n = 293) or PZ (n = 261) as first-line TKI therapy between January 2012 and November 2016 were retrospectively reviewed. The choice of the TKI agent was at the discretion of the treating physician. Each drug was administered at a standard dose (SU, 50 mg daily for 4 weeks, followed by 2 weeks off drug per treatment cycle; PZ, 800 mg daily continuously). Depending on the severity of the side effects, dose reduction for PZ and SU was determined. Treatment was continued until Response Evaluation Criteria In Solid Tumors (RECIST)-defined disease progression, development of unacceptable toxic effects, or death. Clinical responses were assessed according to the RECIST with computed tomography or magnetic resonance imaging. OS was defined as the interval from the date of the first-line targeted therapy initiation to the date of death from any cause. If patients did not experience death, the OS time period ceased at the time of the last follow-up. Progression-free survival (PFS) was defined as the time from the first day of treatment to the time of disease progression.
Statistical analysis
The χ 2 or Mann-Whitney U tests were performed for comparison of categorical and continuous variables, respectively, between the two groups. PFS and OS were analyzed using Kaplan-Meier methods and log-rank tests. Univariate and multivariate Cox proportional hazards regression analyses were performed to assess the association between baseline parameters and PFS or OS. All P values correspond to two-sided tests, with P values of < 0.05 considered statistically significant. All statistical analyses were conducted using IBM SPSS statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). 
Ethics statement
RESULTS
Patient and disease characteristics
The baseline demographic and clinical characteristics are summarized in between the two groups revealed that the PZ group comprised older patients (64 vs. 59 years; P = 0.001) and had a significantly higher percentage of women (27.2% vs. 16.4%; P = 0.002). With respect to the Memorial Sloan-Kettering Cancer Center and Heng risk criteria, no statistical difference between the two groups was found, and the majority of the patients had intermediate-risk disease (65.9% and 63.1% in the SU group vs. 62.5% and 61.3% in the PZ group; P = 0.814 and P = 0.914, respectively). In addition, use of 2nd line therapy after disease progression were also similar between the two groups (41.3% in the SU group vs. 41.0% in the PZ group; P = 0.943).
Treatment efficacy
Complete responses were observed in 17 patients in the PZ group (6.5%) and in 11 in the SU group (3.8%). Partial responses (PRs) were observed in 78 patients in the PZ group (29.9%) and in 83 in the SU group (28.3%). Complete and PR patients had favorable Heng risk, more metachronous metastasis, more metastasectomy, longer disease-free interval, more lung metastasis, less bone metastasis and less disease burden (number of metastasis sites < 4) compared with stable and progressive disease patients (all P < 0.05, Supplementary Table 1) .
The objective response rates (ORRs) (PZ, 36.4% vs. SU, 32.1%) and disease control rates (PZ, 69.4% vs. SU, 69.6%) did not differ between the SU and PZ groups (P = 0.464). The overall toxicity was also comparable between the groups (P = 0.231). However, grade 3 toxicity was lower in patients treated with first-line PZ compared to those treated with SU (11.5% vs. 17.7%; P = 0.039). Dose reduction occurred more frequently in the SU group than in the PZ group (51.9% vs. 41.4%; P = 0.013); however, there was no difference in drug interruption between the two groups (SU, 8.9% vs. PZ, 7.7%; P = 0.606) ( Table 2) .
Oncologic outcomes and prognostic factors
The PFS for SU was 9.0 months (95% CI, 7.3-10.9) and that for PZ was 10.1 months (95% CI, 8.3-12.4; log-rank test, P = 0.552) (Fig. 1A) . The median OS was 40.2 months in the PZ group (95% CI, 31.3-51.2) and 36.5 months in the SU group (95% CI, 29.0-47.9), with no difference between the two groups with respect to OS (log-rank test, P = 0.955) (Fig. 1B) . In addition, the use of 2nd line therapy after disease progression in each treatment and with or without dose reduction within and across treatment did not differ on OS (Supplementary Fig. 1 ). 
DISCUSSION
The results of our study indicate that although dose reduction was more frequent in the SU group than in the PZ group, both SU and PZ had similar efficacy as the first-line treatment for Korean patients with mRCC. Lower BMI, ECOG-PS > 2, synchronous metastasis, poor Heng risk criteria, and liver and bone metastases were associated with a shorter OS.
Although both SU and PZ are approved as the first-line treatment of mRCC, the efficacy and safety of the two drugs remain unclear. Previously, the COMPARZ study showed that PZ is not inferior to SU with respect to PFS. 8,9
In the PISCES study, 70% of patients who had experienced both drugs preferred PZ compared to only 22% who preferred SU. 11 Recently, a large retrospective study by the International Metastatic RCC Database Consortium confirmed in real-world practice that SU and PZ showed similar efficacy as the first-line setting for mRCC and that they did not affect oncologic outcomes with subsequent second-line treatment. 12 Consistent with previous studies, there was no significant difference in OS between the SU and PZ groups in the present study. 8,11,12
In a retrospective comparison of ethnicity with respect to tolerability, the side effects of SU were reportedly higher in Asian patients than in those of other ethnicities. Inter-ethnic pharmacokinetic and pharmacogenomics differences could account for the variation in tolerability and are still under study. 13 -15 In our results, the incidence of grade 3 adverse events and drug reduction was significantly lower in patients treated with PZ than in patients treated with SU. The proportion of elderly and female patients was higher in the PZ group, which implies that clinicians preferred PZ for patients expected to have a relatively low tolerance. Although, regardless of treatment, actual adverse events did not differ between young and old ages, male patients had more overall adverse events compared to female patients (Supplementary However, the relatively low tolerability of SU may be attributed to the fixed dose and schedule regimen. Several recent studies have shown improved clinical results of tolerability in patients receiving a modified SU schedule and dose. 16 -22 The RESTORE trial showed better SU tolerability in patients using a new 2/1 schedule compared to those using the 4/2 schedule. 18 The study was conducted on 74 Korean patients and did not find any significant differences in ORR and PFS between the 4/2 and 2/1 schedules. A Chinese study of 108 patients with mRCC and three different SU treatment schedules reported a longer PFS and tolerability in the group receiving the 2/1 schedule compared to that in the other groups. 17 Furthermore, Lalani et al. 16 reported similar results in patients with mRCC treated with an individualized SU dose and schedule compared to those treated with the standard dose. Because our study included patients treated with the standard SU treatment, future studies are necessary to compare patients treated with a modified SU treatment such as the 2/1 schedule and those treated with PZ. In clinical practice, schedule and dose optimization of drugs are important to maximize the therapeutic efficacy and safety.
Albiges et al. 23 reported that patients with BMI of ≥ 25 kg/m 2 had longer OS than those with BMI of < 25 kg/m 2 (HR, 0.83; 95% CI, 0.73-0.95). They showed that the expression of fatty acid metabolism-related genes was relatively low in patients with high BMI, and these patients showed a higher survival rate than patients with normal BMI. In our study, high BMI was one of the prognostic factors that positively affected the OS (HR, 0.88; 95% CI, 0.6-0.9; P = 0.001). Most of the patients in both groups had BMI < 25 kg/m 2 , but the trend of BMI for OS was consistent with that in previous studies.
In addition, our results showed that bone and liver metastases were negative prognostic factors for OS in patients with mRCC. These prognostic factors are consistent with those reported in previous studies 24, 25 ; however, the rationale for the poor clinical outcome of patients with bone or liver metastasis is unclear. 26, 27 The strengths of the present study include the clinical outcomes among Asian patients in the latest TKI treatment era. A retrospective study of the Surveillance, Epidemiology, and End Results-Medicare database found that patients treated in the late targeted therapy era (2010-2012) had a longer OS than those treated in the early targeted therapy era (2006) (2007) (2008) (2009) . 10 The authors suggested that the increased physician facility for TKI therapy affected the outcome. Their results support the advantages of our study, including patient care by clinicians with TKI treatment experience.
With its retrospective research design, the present study has several limitations. As previously stated, the choice of the TKI treatment was at the discretion of the treating clinician. Also, our study included only patients treated with the standard treatment schedule of SU, which could have affected tolerability in the SU group. We did not undertake a detailed analysis of adverse events but provided the frequency of moderate-grade toxicity that affected the sequence of treatment. The inherent limitations of multicenter studies include inconsistencies in clinical practice and examination. However, these variations reflect the real-world clinical experiences of physicians and patients.
In summary, our results demonstrated that although patients with mRCC treated with SU showed more frequent dose reduction than those treated with PZ, the efficacy of the two drugs was similar. Poor OS was associated with lower BMI, poor PS, poor Heng risk criteria, liver metastasis, and bone metastasis. Further research is needed to identify factors for individualized drug selection to optimize treatment efficacy and safety. 
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